unbalanced operation of transformers is technically feasible, provided that the capability of each of the single-phase transformers is adhered to and care is taken to control their neutral and tertiary circulating currents, including possible adverse effects of these currents on station facilities.
It is noteworthy that the operating condition achieved at South Canton through the use of unbalanced transformer taps would be attainable with no As a major apparatus in a power system, the power transformer is vital to system operation. Techniques for diagnosis and incipient fault detection are valuable.
A transformer is subject to electrical and thermal stresses. These two stresses could break down the insulating materials and release gaseous decomposition products. Overheating, corona and arcing are three primary causes of fault related gases. Principally, the fault related gases commonly used are hydrogen (H2), carbon monoxide (CO), carbon dioxide (CO2), methane (CH4), acetylene (C2H2), ethane (C2H6), and ethylene (C2H4). The analysis of dissolved gases is a powerful tool to diagnose developing faults in power transformers. Many diagnostic criteria have been developed for the interpretation of the dissolved gases. These methods would find the relationship between the gases and the fault conditions, some of which are obvious and some of which may not be apparent (hidden relationships). However, much of the diagnostics relies on experts to interpret the results correctly. New computer-aided techniques can consistently diagnose incipientfault conditions for the novice and in some cases may provide further insight to the expert. Expert system and fuzzy-set approach have been developed to reveal some of the hidden relationships in transformer fault diagnosis. Expert system derives the decision rules from the previous experience while the fuzzy-set represents the decision rules by using vague quantities. Artificial neural network method (ANN) has also been used for this purpose since the hidden relationships between the fault types and dissolved gases can be recognized by ANN through training process.
A two-step neural-network classifier has been developed and carefully tested for transformer fault diagnosis using dissolved gas-in-oil analysis. Several feature types have been evaluated and several neuralnet topologies have been considered. Patterns with different identification sensitivity are detected by different ANNs to obtain the highest accuracy for each pattern. The two-step approach makes ANN easier to train and more accurate in detecting faults.
The results of this study show that the two-ANN approach is promising for transformer fault diagnosis even with limited sample data. Theoretically, the ANN can be trained to represent any observable phenomenon if there are sufficient data available. The more complex a relationship is, the more training data are needed. The transformer fault diagnosis could be very complicated. For example, it is desirable to distinguish between faults of oil and cellulosic materials (paper), different temperatures (low, medium, and high) for overheating, in oil, or low energy and high energy sustained arcing. To deal with such a complicated diagnosis problem, the available input data may not always be enough. It can be a very effective way to construct different ANNs for different pattern recognitions to obtain the highest diagnosis accuracy for each pattern.
The accuracy of the diagnosis can be improved with the increase of training data. Another very important part of dissolved gas-in-oil analysis is evaluation of trends -the increasing rates of gas generation. Once this information is available, the diagnosis can be made more reliable. Due to the limited trend data available, this work will be done at a later stage. The transmission network of an electric power utility constitutes a critical part of the whole power system. It is clearly not desirable to lose any major transmission lines for longer than a few weeks because of the increased probability of loss of load for multiple contingencies. Because new transmission towers are not readily available, it is important to maintain an adequate inventory of towers to prevent long-term outages.
This paper discusses a statistical procedure to analyze failure data for transmission towers and to determine adequate levels of inventory. The failure of a transmission tower is defined as a damaged condition that prevents operation of the associated transmission line.
A standard approach to inventory assessment is to minimize the expected cost of a reasonable number of spares. That cost is a sum of two parts: one is associated with cost of owning spares, another is associated with the cost of nonavailability of spares. Unavailability of transmission towers may lead to the inability to supply power to the utility's customers, which is unacceptable. Therefore, the cost of nonavailability of spares is assumed to be so large that the above mentioned standard approach is inapplicable.
As an alternate, this paper suggests a methodology based on historical data of failures, using the homogeneous Poisson process (HPP) as a mathematical model of the failure process. Such a choice is based on the common failure causes of transmission towers, including tornadoes, combinations of severe icing and wind, and vandalism. Theoretically, these causes could lead to tower failure or weakening of the structures. However, such weakening is not IEEE Power Engineering Review, October 1996 5s
